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(54)ritle: AUTOMATED DRUG INFUSION SYSTEM WITH AUTOPRIMING 



(57) Abstract 

A pumping system for positive displacement, volumet- 
ric liquid control includes a pump (2, 4, 6) having a pumping 
chamber (52) with a pumping chamber inlet (54) and a 
pumping chamber outlet (56). The pumping system further 
includes a liquid supply inlet (46) for receiving liquid from a 
liquid supply (8, 10, 12), and a detector (69) for detecting air 
in liquid flowing through the liquid path. A liquid valve actu- 
ator (58) regulates liquid flow through the liquid supply inlet 
and a second valve actuator (60) regulates liquid flow 
through the pumping system outlet. A controller (94) is re- 
sponsive to an output from the detector (69) to control the 
pump (2, 4, 6) the first valve actuator (58) and the second 
valve actuator (60) such that liquid is directed through the li- 
quid supply inlet (46) and the pumping system outlet (66) 
during an initial priming sequence until the quantity of air in 
liquid at the pumping system outlet (66) corresponds to a 
predetermined value. 
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APTOMATED DRUG INFUSION SYSTEM WITH AOTOPRTMTKC 
BACKGROUND OF THE INVENTION 
Field of the Invention; 



The present invention generally relates to 
5 systems for delivering drugs to patients intravenously. 
More particularly, the present invention relates to 
positive-displacement volumetric infusion pumping 
systems . 

State of the Art; 

10 It is well known to use positive-displacement 

volumetric infusion pumping systems for delivering 
drugs to patients intravenously* Infusion pumping 
systems of conventional design, however, have the 
shortcoming that manual priming is required whenever a 

15 drug supply container is connected or replaced in the 

pimping system. The manual priming procedures are time 
consuming and labor-intensive; accordingly, such 
procedures are costly, especially when performed by 
trained nurses or physicians. 

20 SUMMARY OF THE INVENTION 

Generally speaking, the present invention 
provides an automated priming system for positive* 
displacement, volumetric infusion pumping systems of 
the type that are designed for dispensing drugs to a 
25 patient intravenously from one or more drug supply 

containers. The drugs normally are in liquid form or 
are dissolved in liquid carriers. 
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For purposes of t:he following discussion, the 
tena "drug chsuinel" refers to a path through which drug 
is dispensed to a patient from at least one drug supply 
container or vial. Xn systems according to the present 
invention, a drug channel includes a cassette pumping 
device and at le^st one air sensor in the path between 
the drug supply inlet and the pumping system outlet for 
detecting air in the drug path. A first valve actuator 
regulates flow into the pumping chamber and a second 
valve actuator regulates flow from the pumping chamber 
outlet* A controller is responsive to an output from 
the air sensor to control the pump, the first valve 
actuator and the second valve actuator during an 
initial priming sequence until all adLr is removed from 
drug present at the pimping system outlet. 

In an exemplary embodiment, automated priming 
of the aforementioned pumping system is effected in 
response to keyed activation by a user. Air is 
automatically removed from the ptimp while filling the 
pump with a drug prior to initiation of an infusion 
c^cle. The present invention thus provides easy to use 
methods and systems which improve patient care by 
enhancing danag delivery and by reducing contauoaination 
due to manual handling of the priming sequence. 

In a preferred embodiment, the automated 
priming includes a backpriming sec[uence. The term 
"back-priming" refers to dispelling drug and air from 
the cassette toward the drug vial, with the result that 
air entrapped in the drug is released into the drug 
vial. 
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BRIEF DESC RIPTION OF THE DRAWINGS 

The present invention can be further 
understood with reference to the following description 
and the appended drawings, wherein like elements are 
5 provided with the same reference niuaerals. in the 
drawings : 

Figure 1 is a schematic diagram that 
generally shows an automated drug infusion (ADI) 
pumping system of the type that dispense drugs to a 
10 patient intravenously from one or more drug supply 
containers, all according to the present invention; 

Figure 2A is a front view, partially cut 
away, of a drug channel pumping cassette for automated 
priming according to the present invention; 

15 Figures 2B and 2C are cross-sectional views 

of the drug channel pumping cassette of Figure 2A, 
which views are taken along the lines 2B-'2B and 2C-2C, 
respectively ; 

Figures 3 and 3A are functional block 
20 diagrams of an automated priming system for volumetric 
infusion pumping systems of the type that dispense 
drugs to a patient intravenously from one or more drug 
supply containers; 

Figure 4 is a process flow chart showing a 
25 drug channel priming sequence for the system of Figure 
1; 

Figxire 5 is a process flow chart showing a 
back-priming sequence for the system of Figure 1; and 
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Figure 6 is a process flow chart showing a 
fluid channel priming sequence for the system of Figure 
1. 

DETAir.ED DESCRTPTION OF TH E PREFERRED EMBQDTMENTS 

The automated drug infusion (AOX} pumping 
system in Figure 1 includes three drug channels 18, 20 
and 22 for dispensing drugs from vials 8, 10 and 12, 
respectively. The drug channels further include pumps 
2, 4 and 6, respectively. At the pump outlets, the 
drug channels 18, 20, 22 connect to a manifold 26 via 
one-way check valves 38, 40, and 42, respectively • The 
manifold 26 connects to an outlet line 27 through which 
drug, or drug mixtures, are dispensed to a patient 
intravenously. 

As also shown in Figure 1, the automated drug 
infusion pumping system includes a channel 24 for 
ceonrying fluid such as a patient hydration solution or 
a flushing solution. The fluid channel 24 includes a 
fluid supply container 14 which is connected to a 
conventional drop sensor 15. The drop sensor is 
connected to fluid conduit (e.g., plastic tubing) that 
passes through a volumetric fluid channel pump 16. In 
the illustrated embodiment, the fluid channel connects 
to the manifold 26 via a one-way check valve 44. 

Each of the pumps 2, 4 and 6 includes a 
mechanical reciprocating plunger mechanism and a 
pumping cassette through which the drugs are pumped. A 
representative one of the pumping cassettes, generally 
designated by the number 30, is shown in Figures 2A-2C. 

In the illustrated embodiment, the pimping 
cassette 30 has a primary inlet pozrt 46 and a pumped- 
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liquid outlet port 66. The primary inlet port 46 is 
connected to one of the drug channels (e.g., channel 
18) for receiving drug from a vial. However, 
alternative drug containers can be used in the system 
5 of the present invention. In the illustrated 

embodiment, the cassette also includes a secondazry 
inlet port 47 which remains normally closed. However, 
if desired, the secondeury inlet port can receive a 
second drug, or drug diluent, for mixing with drug 
10 which has been introduced to the cassette via the 
primary inlet port 46. 

The pumping cassette 30 further includes an 
inlet channel 48 for conveying drug from the primary 
inlet port 46 to a reservoir 50 which functions to trap 

15 air before it can reach other areas of the cassette. In 
practice, the volume of the reservoir 50 is 
approximately 1 ml. A proximal air detector 69 is 
mounted for detecting air biibbles that are carried by 
drug flowing through the inlet channel 48 . In 

20 . practice, the proximal air detector 69 is a 
conventional ultrasonic detector. 

As also shown in Figures 2A and 2B, a 
proximal pressure detector port 85 is provided for 
receiving a detector. The proximal pressiire detector 
25 senses fluid pressure within the reservoir 50. In 
practice, the proximal pressure detector is a 
conventional strain gauge. 

Fiirther in the pumping cassette 30, a flow 
channel 54 leads from reservoir 50 into a pumping 
30 chamber 52, and a flow channel 56 leads from the 
pumping chamber 52. At the inlet to the pumping 
cheunber 52 is an inlet valve 58 for selectively 
stopping liquid flow. Likewise, at the outlet of the 
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pumping chamber- 52, there is an outlet valve 60. The 
valves 58, 60 normally are conventional devices. For 
example, each of the valves can include a pin member 
(e.g., outlet valve pin 78 in Figure 2C) , an 
5 elastomeric member (e.g., portion of elastomeric member 
73) , an associated valve seat for receiving a roimded 
end of the pin member, and an actuator mechanism for 
selectively urging the pin member to press the 
elastomeric member into the valve seat for blocking 
XO flow. 

One wall 70 of the pumping chamber 52, as 
best shown in Figure 20, provides a bulb-like recess 
71. The opposite wall 73 comprises an elastomeric 
member. A reciprocating plunger mechanism 74, 
15 mentioned above, is connected for selectively working 
the elastomeric member 73 back-cuid-f orth into the 
bulb-like recess. As the elastomeric member 73 is 
worked, it draws drug into the reseirvoir and pumping 
chamber and then ejects drug from the pumping chamber. 



20 As further shown in Figures 2A and 2C, the 

flow channel 56 connects the pumping chsunber 52 to a 
distal pressure detector which includes a pressiire 
detection chamber 62. A distal pressure detector port 
64 communicates with the distal pressure detection 

25 chamber 62. In practice, the port 64 receives a distal 
pressure transducer which, is, for example, a strain 
gauge like the proximal pressure detector. The strain 
gauge is generally represented as a pressure detector 
pin 82 which detects variations in a portion of the 

30 elastomeric member 73 associated with the pressure 
detection chaoober 62. 

Following the presstire detection chamber 62 
is a distal air detector 75 which is mounted for 
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senslng air bubbles that: are csorried by drug flowing 
past: -the distal pressure detection chamber 62. In 
practice, the distal air detector 75 is an ultrasonic 
sensor like the proximal air sensor. 

5 Finally, as shown in Figures 2A and 2C, a 

pressure regulator 92 is mounted between the distal 
detector and the outlet port 66. In practice, the 
regulator 92 is needle valve that can be manually 
adjusted to determine the volumetric flow through the 
10 cassette. 

Figure 3 shows a system, including a host 
controller represented as processor 94, for 
simultaneously controlling each of the Figure 1 drug 
channels. More particularly, for each cassette in each 

15 drug channel, the controller 94 operates one of the 
plunger mechanisms 74 by driving a motor of a pump 
module. The motors used to drive the plunger mechanism 
for each of the Figure 1 system cassettes are included * 
in each of the drug pumps modules 91, 93 and 95, as 

20 well as the fluid pump module 96 of Figure 3. The 

controller also operates valve actuators for each of 
the Figure 1 drug channel cassettes as represented 
generally in Figure 3. The controller 94 receives 
input signals from the distal and proximal air 

25 detectors represented generally and from the distal and 
proximal pressure detectors represented generally in 
Figxire 3. 

As fxirther shown in Figure 3, the controller 
94 is connected to a display device 97 and to a touch 
^ 30 screen and keyboard 98. The display device can 

comprise, for exsunple, an LCD display or an LED 
display. The touch screen 98 allows a user to provide 
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cosmands, suclx as priming s-tar-t signals, ±o -the 
controller 94. 

For each pumpdLng cassette, the controller 94 
responds to outputs from the two air detectors (i.e., 
5 proximal and distal air detectors 69, 75), the two 

pressure detectors, (i.e., proximal pressure detector 
at port 85 and distal pressiure detection chamber 62) , 
and the user commands to control bi-directional flow 
within the drug channels. As will be discussed below 

10 in detail, bi-directional flow control is critical for 
autopriming. During autopriming, the controller 94 
operates the valve actuators and plungers in each drug 
channel to displace air from the drug channel. 
Further, the autopriming sequence can be used for 

15 priming the output line from the msmifold 26 to a 
catheter. 



Operation of the autopriming system will now 
# be described in conjunction with Figure 4. After 

proper setup of the system, autopriming of any one (or 
20 all) of the drug channels can be initiated in response 
* - to a single autopriming command for each drug channel. 

Preferably, each drug channel operates independently 
^ and, therefore, the system can prime two or more drug 
channels at the same time. 

25 Drug Channel Setup 

As indicated at block 120 in Figure 4, 
autopriming begins by setting up at least one of the 
drug channels. To set up a drug chazmel, a user spikes 
a cassette into a drug vial, or other drug container, 
30 and then mounts the cassette to a cassette pump. In 
practice, a switch is closed when the cassette is 
connected to a cassette pump, thereby initiating an air 
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checlc (block 122) at the distal air detector. That is, 
the presence of drug at the cassette outlet is detected 
by the distal air detector. 

A positive response to the air check at the 
5 distal air detector will occur, for instance, when a 
new cassette is placed in the channel. However, a 
positive response from the distal air detector usually 
does not occur when a user is merely replacing an empty 
drug vial. During a distal air check of a given drug 
10 channel, the display 97 (Figtire 3) prompts the user to 
verify and confirm that the drug vial in the channel is 
not empty and that the system is ready to start 
autopr iming . 

To initiate an autopr iming sequence, a user 
15 provides a request, as represented by block 124, for 
priming the cassette with a drug from a drug vial. 

Drug Channel Autoprimina Sequence 

At the start of an autopr iming sequence, the 
controller 94 prompts the user to ensure that outlet 

20 tubing from the manifold is not connected to a patient. 
(Similarly, the controller prompts the user to confirm 
that the tubing has been reconnected to the patient 
upon completion of an autopr iming sequence.) Upon 
receiving an autopr ime request, the controller 94 

25 commands an autopr ime of a drug piamp module associated 
with one of the ptimping cassettes. Normal air and 
pressure sensing alarms are disengaged during an 
autopriming sequence. Each drug pump module contains a . 
controller which interfaces to the sensors and motors 

30 of that drug channel and performs the detailed 
functions of the autopriming process. 
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To execut:e an aut.opriinlng sequence in a 
select:ed drug channel, the pumping cycle of the 
reciprocating pltinger mechanism for the drug pump in 
the cdxannel is controlled upon confirmation by the user 
that pimping should be initiated. In practice, the 
pumping ^cle under such circumstance is characterized 
by extra-long pumping strokes. The extra-long pumping 
strokes are employed for quickly filling the pumping 
chamber 52 with drug from the drug vial. As indicated 
by blocks 126 and 128 in Figure 4, the extra-long 
pumping strokes are repeated until the pumping chamber 
is completely filled with drug. This will occur 
typically after two extra-long cycles. 

A pumping c^cle, as referred to above, 
includes the following steps which are described with 
respect to the Figure 2A cassette: C^) closing the 
pumping chamber outlet valve 60, opening the chamber 
inlet valve 58, and retracting the plunger mechanism 74 
(Figure 2C) away from the cassette to draw drug into 
the pumping chamber 52 from reservoir 50; and then (2) 
closing the pimping chamber inlet valve 58, opening the 
pumping chamber outlet valve 60, and extending the 
plunger to push drug from the pimping chamber 52 to the 
cassette outlet 66. In practice, about 0.33 ml of drug 
is pumped per normal stroke of the plunger mechanism. 

In practice, the tubing used to transfer drug 
from the cassette to a patient has a volime of 1.42 ml 
and the volume of the Figure 1 manifold 26 is about 
0.25 ml. Thus, the total volume of a drug cheuuiel is 
approximately four (4) ml. In practice, an extra long 
stroke of the plunger mechanism 74 displaces about 0.46 
ml. 



The condition of the pumping chamber 52 being 
completely full of drug can be detected by monitoring 
the flow of drug out the distal end of the cassette. 
Due to the drug flow path voltimes for the pimping 
cassette, once the pumping chamber has been filled 
once, it will always be full dxiring siibseguent pumping 
cycles until the drug supply is depleted. Therefore, 
once a complete stroke of only drug (no air bubbles) is 
seen at the distal end of the cassette, the condition 
of having a full pumping chamber is guaranteed. 
Further, due to the physical, upright orientation of 
the pumping chamber (as shown in Figure 2) and the 
fluid path distal to it, any air in the pumping chamber 
would be discharged during the initial portion of the 
plunger extension. A drug filled condition of the 
pumping chamber 52 is thereby detected by monitoring 
air dxxring an initial part of the plunger extension. 
It will be appreciated that this method reduces the 
quantity of wasted dxrug during the priming secpience. / 

It should be understood that, even after the 
pumping chamber 52 has been initially filled with 
liquid, a significant quantity of air can be entrapped 
in the cassette. In the above-described system, the 
trapped air is localized to the reservoir 50 which 
functions as an air-trap chamber. The process of 
removing air from the reservoir in this condition is 
indicated in Figure 4 as a two step process of creating 
a vacuum (i.e.,' negative pressure) in the air-trap 
(block 148) , and then back-priming (block 150) . In an 
alternate embodiment, the creation of negative pressure 
in the reseirvoir can be eliminated if the reservoir is 
small enough that back-priming alone can remove all of 
the air. 



The process of creating a vacuum within the 
cassette will be described with respect to the cassette 
illustrated in Figures 2A*-2C. For the cassette 30 of 
Figures 2A*-^2C, negative pressure is created in the 
reservoir 50 by closing the cassette primary inlet port 
46 and secondary inlet port 47, and then executing one 
or more pumpdLng cycles to force drug from chamber 52 
toward the cassette outlet port 66. As this liquid is 
expelled, the volume of air in the cassette must expand 
to fill the volume removed as liquid. This resulting 
gas volume expansion is directly proportional to a 
pressure reduction as dictated by the ideal gas law. 
After negative pressure is created in reservoir 50, the 
primcory inlet valve 46 is opened. This allows drug to 
rush from the drug vial into the reservoir 50. 

At this point, there will still be some adLr 
resident in the air-trap reservoir 50. This volume of 
air can bet removed by the aforementioned baclc-^priming 
process. E>uring back-priming, drug and air are 
dispelled from a cassette toward the associated drug 
vial, with the result that air entrapped in the drug is 
released into the dsrug vial. Figure 5 shows the steps 
for executdLng a back-priming sequence. 

Back-priming begins by closing the Figure 2A 
pumping chamber outlet valve 60, opening the pximping 
chamber inlet valve 58, and opening the primary inlet 
port 46 (blocks 152 and 154 in Figxire 5) . Then, 
extra-long pumping strokes of plunger mechanism 74 are 
initiated (block 156) to back-prime the drug channel by 
pushing air and drug from the reservoir 50 back toward 
the drug vial; that is, a drug/ air mixture is pumped 
from the cassette into the drug vial where air is 
released. Thereafter , drug from the drug vial is drawn 
back into the reservoir 50 with each intake stroke of 



the pumping cycle. The valves remain in the positions 
set at block 154 until no air is sensed by the proximal 
detector during an entire pump stroke (block 158). 

To successfully execute the above-described 
back-priming sec[uence, the volume of the pimping 
chainber 52 must have a certain relationship relative to 
the drug path volume. Typically, the volume of the 
path from a drug vial to the top of the reservoir 50 
(i.e., point "A" in Figure 2B) is no greater than about 
0.3 ml. As mentioned above, a extra-long stroke of 
the plunger mechanism 74 displaces about 0.46 ml. 
Accordingly, during back-priming, a full stroke of the 
plunger mechanism 74 displaces the uppermost 0.16 ml 
volume of the reservoir back into the drug vial. 

When an unacceptable quantity of air is 
detected by the proximal air detector during a complete 
stroke of plunger 74, the back-priming secpience is 
discontinued and pumping from the primary inlet port 
toward the cassette outlet is initiated (block 160 of 
Figure 4) . During pumping, the distal air detector 75 
is monitored (block 162) . When an unacceptable 
quantity of air is no longer detected, priming of the 
cassette is complete. Normally, only one successful 
pumping cycle need be counted for autopriming of the 
drug channel pump to be considered complete. Under 
normal conditions, less than about thirty seconds is 
required for autopriming a drug channel cassette. 

After an autopriming secjuence is completed, 
normal pumping is used for priming the distal tubing 
that extends between the pumping cassette and the 
manifold. The information on how much to prime is 
preset in the host controller 94. When the initial 
command to prime is given to a drug pump, this volume 
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is transmitted from the Host controller to the drug 
piimp at that time. A dosage limit might be, for 
example, 1.5 ml for a 60-inch administration set with 
0.041 inch inner diameter tubing. 

5 After priming the distal ttibing, a cassette 

pressure test, as indicated by block 166 in Figure A, 
is performed by the proximal and distal pressure 
detectors. This test verifies that no significant 
quantity of air remains in the cassette. During this 

10 test, the primary and secondary inlet ports and the 
cassette outlet valve are closed and the pumping 
chamber 52 and reservoir 50 are pressxirized. Since air 
is compressible and liquids are not, the quantity of 
pressure increase detected at the proximal pressure 

15 detector indicates how much air remains in the 

cassette. If too much air is resident in the cassette 
at this point, the drug pump will not allow normal 
pumping. 

In practice, this pressure test is perfoirmed 
20 whenever an autoprime or back-prime is complete, or 
when a fluid filled cassette is inserted into a dmig 
channel. In this manner, the system is capable of 
determining if a previously primed cassette which is 
removed from, and then re-introduced into a drug 
25 channel is still adequately primed. By this method, 
the need to re-prime an already primed cassette is 
avoided. 

AS indicated in Figure 4, determining if a 
newly introduced cassette is primed is a two step 
30 process. The first step is an examination of the 
distal air sensor (block 122). For a never-primed 
cassette, there will be air at the distal sensor, and 
the autopriming process as described above can be 
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explol'ted as indicated by the TRUE decision patli of 
block 122. However, if ttiB cassette had been 
previously primed, then drug will be detected at the 
distal sensor. As mentioned above, the cassette 
5 pressure test (block 166) will be executed when a 

previously primed cassette is introduced as indicated 
by the FALSE decision path of block 122. If the. 
cassette is still adequately primed, the condition of 
too much air (block 167) will be FALSE, and the 
10 controller will allow the user to select pumping (block 
172) , back-priming (block 176) , or autopriming (block 
178) . However, if the system determines that the 

pressure in the cassette is inadequate indicating that i 
there is too much air (i.e., decision block 167 is 
15 TRUE) , the user is only allowed to back-prime (block 
168) , or autoprime (block 170) • 

As indicated in the above paragraph, the 
processing of a back-prime sequence can be commanded in 
a manner similar to that of a complete autoprime. This 

20 would be useful in the condition where a previously 

primed cassette has air in the reservoir 50 only. In 
this case, the cassette pressure test would indicate 
that there was too much air (block 167 of Figure 4) , 
and the user could choose to initiate a back-prime to 

25 push the air into the drug supply vial. In this 

condition, a backprime would be performed as described 
above and would be complete when a full stroke of drug 
is seen to be expelled into the proximal supply (block 
158 of Figure 5) . Typically, the cassette pressure 

30 test would be successful upon completion of this back- 
priming and pimping would be allowed. However, if the 
air is trapped in the pumping chamber 52, then the 
back-prime would not remove this air and the user would 
have to request a complete autoprime (block 170 of 

35 Figure 4) to remove the air. 
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Upon complet:ion of t:he aut:oprlming sequence, 
-the user is requested -to confirm that: priming has been 
comple-ted. Afterwards, all normal air and pressure 
sensing alanos aT& reactivated. 

5 Fluid Channel Autoprimina 

As shown in Figure 6, the fluid chemnel 
autopriming- sequence begins vildi the step of setting up 
' the fluid channel (block 180). Then, following a 
user^s conmemd, the steps in the autopriming sequence 
10 include: 

Ca) opening the volumetric pump outlet valve 
(block 182) ; 

(b) detecting the valve position through am 
optical sensor (block 184); and, 
15 (c) initiating normal pumping strokes of the 

volumetric pump (block 186) at a predetermined rate» 

In nonnal operation of an ADI system, as a 
safety feature, the outlet valve from the pumping 
chamber is designed to open when pressure in the 

20 chamber exceeds a predetermined threshold. This 

prevents air from being delivered in a pumping line to 
a patient. During an autopriming sequence, however, it 
is necessary to pump air out the distal end of the 
tubing. Therefore, this outlet valve is forced open by 

25 a separately driven valve motor diuring autopriming so 
that air can be pumped. The processing indicated in 
the autopriming sequence steps (a) and (b) above 
performs this act of enabling the ability to pump air. 

During the fluid channel autopriming 
30 sequence, the distal detector status is monitored. 
Pumping continues until continuous fluid flow is 
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detected at the distal end of the fluid pump (block 
188) or failure is detected by a time-out C^lpck 190) . 

When the detector senses that the air present 
at the pump outlet is less than the predetermined 
5 value, the outlet valve is closed. If a failure 

condition occurs (e.g., time-out), the pump is stopped 
and an alarm state is indicated (block 192). Other 
detectable failures include proximal or distal 
occlusions; these conditions can be detected, for 
10 example, by pressure increases in the pump or by the 
absence of fluid at the pump inlet or outlet. The 
absence of fluid at the pump outlet can be sensed by a 
distal detector. 

If the detected quantity of air in the fluid 
15 is above the predetermined limit, the controller 
provides rate, volume (dosage limit) and priming 
commands to the fluid pump based on information 
previously provided by the user. Then, fluid is 
delivered at the pre-selected rate and dosage for a 
20 period sufficiently long to fill the tiibing all the way 
to the manifold (blocks 194, 196). When the dosage 
limit is reached, the pump discontinues pumping and the 
display indicates that autopriming of the fluid channel 
has been completed (block 198) . 

25 A user may send a stop command to abort 

priming of the fluid channel at any time by entering 
an appropriate command on the controller touch screen 
(e.g., blocks 200, 202). In practice, an autopriming 
sequence can be interrupted and later resumed with a 

30 partially-^f illed volimetric pump 18 (Figxire 1) or 

initiated with a partially filled voliimetric pump 18, 



BNSIXXID: <WO_9312B2SA1_l_> 



wo 93/12825 




PCrAJS!»2/11009 



18 



It will be appreciated by those skilled in 



the art that the present invention can be embodied in 
other specific forms without departing from the spirit 
or essential characteristics thereof • The presently 
5 disclosed embodiments are therefore considered in all 
respects to be illustrative euid not restrictive. The 
scope of the invention is indicated by the appended 
claims ratiier than the foregoing description, and all 
changes that come within the meaning and range of 
10 equivalents thereof are intended to be embraced 
therein. 
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WHAT IS CIATMED IS; 

1. A pimping system for providing positive 
displacement, voltimetric liquid control comprising: 

a liquid supply inlet for receiving 
5 liquid from a liquid supply; 

a pump having a pumping chamber with a 
pumping chamber inlet and a pumping chamber outlet; 

at least one detector > located in a 
liquid path between the liquid supply inlet and a 
10 pumping system outlet, for detecting air in liquid 
flowing through the liquid path; 

a first valve actuator for regulating 
liquid flow through the liquid supply inlet and a 
second valve actuator for regulating liquid flow 
15 through the pxxmping system outlet; and 

a controller responsive to an output 
from the detector for controlling the pump, the first 
valve actuator and the second valve actuator during a 
priming sequence until quantity of air in liquid at the 
20 pumping system outlet corresponds to a predetermined 
value. 



2. A pumping system according to claim 1, 
further comprising: 

at least one additional detector located 
25 in the liquid path between the liquid supply inlet and 
the pumping chamber inlet, the at least one additional 
detector being located between the pimping chamber 
outlet and the pumping system outlet. 

3. A pumping system according to claim 2, 
30 further comprising: 

means to input control data to the 
controller; and 



wo 93/12825 PCr/US92/11009 

-20- 

a display for displaying a status of the 

pumping system. 

4. A pumping system according to olaim 2, 
further comprising: 

5 at least one pressure detector in the 

liquid path for further monitoring a quantity of air 
present iii the pumping system. 

5. A pujnping system according to claim 1, 
further comprising: 

10 a plurality of pumps controlled by the 

controller^ each of the pumps including a pump outlet; 
and 

a manifold for receiving liquid from 
each of the pump outlets cmd for mixing the liquids. 

X5 6. A pxunping system according to claim 5, 

wherein at least one of the pumps dispenses a drug to 
the manifold. 

7. A system for providing positive displacement, 
volumetric liquid control comprising: 

20 a liquid inlet, a liquid outlet and a 

liquid path between the liquid inlet and the liquid 
outlet; 

means for detecting air in liquid within 

the liquid path ; and 
25 means for providing bi-directional 

control of liquid flow between the liquid inlet and the 
liquid outlet until the quantity of air in licpiid at 
the liquid outlet corresponds to a predetermined value. 

8. A system according to claim 7, wherein the 
30 means for providing bi-directional control further 

includes: 
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a pump located in the liquid path; 

a first valve for regulating liquid flow 

into the pump; and 

a second valve for regulating liquid 

5 flow out of the p\amp. 

9. A system according to claim 8, wherein the 
detecting means further includes: 

a first detector located between the 
liquid inlet and the first valve; and 

a second detector located between the 
second valve and the liquid outlet. 

10. A system according to claim 9, wherein the 
detecting means further includes: 

at least one pressure detector for 
15 determining whether the quantity of air in liquid in 
the liquid path exceeds a predetermined threshold. 

11 A system according to claim 9, wherein the 
means for providing bi-directional control further 
includes: 

means for controlling the first and 
second valves and the pump in response to outputs from 
the first and second detectors. 

12. A system according to claim 7, wherein the 
controlling means further includes: 

means for inhibiting operation of the 
controlling means upon expiration of a predetermined 
time period. 

13. A method for providing positive displacement, 
volumetric control of liquid comprising the steps of: 

establishing a liquid path between a 
liquid inlet and a liquid outlet; 



20 



25 



30 
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detecting air in liquid within the 
liquid path during an initial priming of the liquid 
path; and 

providing bi-directional control of 
5 liquid within the liquid path until the quantity of air 
in liquid corresponds to a predetermined value. 

14. A method according to claim 13, T»rtierein the 
step of providing bi-directional control further 

includes the step of: 

detecting the presence of liquid at the 

liquid outlet. 

15. A method according to claim 14, wherein the 
step of providing bi-directional control further 

includes the step of: 
15 redirecting liquid flow from the liquid 

inlet toward the liquid outlet when the quantity of air 
in liquid at the liquid inlet corresponds to the 
predetenoined value. 

16. A method according to claim 15, wherein the 
20 step of providing bi-directional control further 

includes the step of: 

pumping a predetemained volume of liquid 
to the liquid outlet upon determining that the quantity 
of air in liquid at the liquid outlet corresponds to 
25 the predetermined value. 

17. A method according to claim 16, wherein the 
step of pumping is performed after the quantity of air 
in liquid at the liquid outlet corresponds to the 
predetermined value for a set number of pumping 

30 strokes. 
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18. A method according to claim 15, wherein the 
step of providing bi-directional control further 
includes the step of: 

redirecting liquid flow from the liquid 
5 outlet to the liquid inlet when quantity of air in 
liquid exceeds the predetermined value prior to 
detecting the set nxaaber of pumping strokes, 

19. A method for priming a positive displacement, 
voliuaetric pumping system with liquid from a liquid 

.10 supply comprising the steps of: 

pumping liquid from the liquid supply to 
a pumping system outlet; 

detecting air in liquid at the pumping 
system outlet and directing liquid to flow toward the 
15 liquid supply upon detecting presence of liquid at the 
pumping system outlet; 

detecting the quantity of air at a 
liquid supply inlet, and redirecting liquid flow from 
the liquid supply to the pumping system outlet when the 
20 cpiantity of air is less than a predetermined value; 

continuously directing liquid flow from 
the liquid supply to the pumping system outlet and 
detecting the quantity of air at the pumping system 
outlet; and 

25 redirecting liquid flow from the pumping 

system outlet to the liquid supply inlet if the 
quantity of air at the ptimping system outlet exceeds a 
predetermined value for a set number of pumping strokes 
within a predetermined period of time. 

30 20. A method according to claim 19, further 

comprising the steps of: 

disengaging normal air and pressure 
sensing alarms during said steps of detecting, 
directing and redirecting. 



BNSOOCtD: <WO_9312825A1 J.> 



wo 93/12825 



PCrAJS92/11009 



-24- 

21* A method according to claim 20, wherein said 
step of pumping further includes the step of: 

prompting a user to confirm that pumping 
should be dLnitiated. 

5 22. A method according to claim 20, fujrther 

comprising a step of: 

prompting a user to confirm when priming 
is complete; and 

subsequently reactivating all air and 
10 pressure sensing alarms. 
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